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GFECOSTRESS

ECOsystem Spaceborne Thermal Radiometer Experiment on Space Station
Dr. Simon J. Hook, JPL, Principal Investigator

Science Objectives

+ |dentify critical thresholds of water use and water stress in key climate-sensitive biomes

+ Detect the timing, location, and predictive factors leading to plant water uptake decline and/or cessation over the diurnal cycle

» Measure agricultural water consumptive use over the contiguous United States (CONUS) at spatiotemporal scales applicable to improve drought
estimation accuracy

Water Stress Threatens Ecosystem Productivity

Water Stress Drives Plant Behavior
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Water stress is quantified by the
Evaporative Stress Index, which relies on
evapotranspiration measurements.

When stomata close, CO2 uptake and
evapotranspiration are halted and plants
risk starvation, overheating and death.

ECOSTRESS will provide critical insight into plant-water dynamics and how ecosystems change with
climate via high spatiotemporal resolution thermal infrared radiometer measurements of
evapotranspiration from the International Space Station (ISS).



Revisit Time versus Spatial Resolution
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Mission
e Class D $30M cost cap ™

* 31-months from project start to delivery
¢ JPL implementation and management

® 69-month project duration (Phase A-F)

® On ISS-JEMS Module

e 12-month Science Operations (Phase E) 2014 2015 2016 2017 2018 2019
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Instrument

» Leverages functionally-tested PHyTIR space-ready hardware
: : developed under the NASA Instrument Incubator Program:

: 3 — Spectral resolution: 5 bands in the thermal infrared

A

D e ™ window (8-12.5 pm) part of the electromagnetic spectrum
T e — Noise equivalent delta temperature: < 0.3 K
75 150 — Spatial resolution: 38 m x 69 m
The inclined, precessing ISS orbit enables ECOSTRESS to — Swath width: 400 km @ 400 km altitude (51°)

* Well understood measurement and algorithms based on

sample the diurnal cycle in critical regions across the globe at it
prior missions, such as ASTER, MODIS, and Landsat

spatiotemporal scales missed by current instruments in Sun-
synchronous polar and high-altitude geostationary orbits.



Push-whisk System

Scan Mirror A

Focal Plane |
5Bands |l \ _
X 256 Pixels ISS Velocity

Direction

+0.7°, 38 m nadir resolution
256 Pixels, 9.8 km, 1.29 sec

6186 Pixels, 384 km, 183 msec

M1 Baffle

M1
/ Vacuum
Window

ﬁ\ . Fold Mirror

>~ FPA
N\

\ -

and 60K Baffle
Nadir 51° Field of View Relay

Science Data Products

LO Raw data
11 Radiometrically corrected
Brightness Temperature
Surface Temperature and
W T
Emissivity
ES Evapotranspiration
L4 Water Use Efficiency,

Evaporative Stress Index

Scan
Mirror

Enclosure Cover

Science Team
Principal Investigator
Simon Hook, JPL
Co-Investigators

Rick Allen, Univ. of Idaho
Martha Anderson, USDA
Joshua Fisher, JPL
Andrew French, USDA
Glynn Hulley, JPL

Eric Wood, Princeton Univ.
Collaborators L\
Christopher Hain, Univ. Maryland B

PRINCETON
UNIVERSITY




Mission Concept
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Current Events
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Project Status Summary

Technical Schedule Programmatic Resources
MAR APR MAY MAR APR MAY  MAR APR MAY FEB MAR APR
G G G G G G G G G G G G

Detailed Description: (for items identified as yellow or red)

None.
No Current Problem Significant problem Major Problem
All commitments can be met Identified solution R No identified solution

Commitment is in jeopardy Commitments cannot be met
ECOSTRESS June 16 Monthly Status Report
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GECOSTRESS

* Some facts and figures
— Focused on water use and availability
— Selected in EVI-2
— Class D mission on ISS
— Uses PHyTIR developed under ESTO IIP
— Deliver in early 2017
— Launch in mid 2018
— Nominal mission lifetime 1 year




L1 Science Requirements and Margins

Parameter Science Requirement (from PLRA) Current Best Estimate
@ 400 km

Ground Sample Distance (m) <100 x <100 68.5 x 38.5
Crosstrack x Downtrack at nadir

Swath width > 360 402
(ISS nominal altitude range is 385 to
415 km)

Wavelength range (um) 8-12.5 8-12.5
Number of bands >3 5TIR + 1 SWIR
Radiometric accuracy (K @300K) <1 0.5
Radiometric precision (K @300K) <0.3 0.15

Dynamic Range (K) 270-335 200-500

Data collection CONUS, twelve 1,000 x1,000km key 1.5 hours per day of
climate biomes and twenty-five FLUXNET science data
sites. On average 1 hour of science data
per day.




ECOSTRESS Science Data Products

Raw collected telemetry 6 months after I0C 12 weeks To be assigned by
NASA SMD/ESD

Calibrated Geolocated 6 months after 10C 12 weeks To be assigned by
Radiances NASA SMD/ESD

Level 2 Surface temperature and 6 months after Level 1 12 weeks To be assigned by
emissivity data products are NASA SMD/ESD
available

Level 3 Evapotranspiration 2 months after Level 2 12 weeks To be assigned by
data products are NASA SMD/ESD
available

Water use efficiency and 2 months after Level 3 12 weeks To be assigned by
evaporative stress index data products are NASA SMD/ESD
available




* On-board blackbodies
* Vicarious calibration sites
e Validation sites (FLUXNET
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Using JPL Airborne Instruments for

Precursor Studies:
335

302.5K

Reduced
. \4,0 2

- 1320

- 1315

- 1310

1305

hq./\
- .

2

HyTES Acquisition: July 9, 2014 N /



Summary

e ECOSTRESS is possible because of the development of the PHyTIR instrument for HysplRI-
TIR supported by ESTO

e ECOSTRESS will address a subset of the science associated with HysplRI
e The ECOSTRESS mission will help answer three key science questions:
— How is the terrestrial biosphere responding to changes in water availability?

— How do changes in diurnal vegetation water stress impact the global carbon cycle?

— Can agricultural vulnerability be reduced through advanced monitoring of agricultural
water consumptive use and improved drought estimation?

e ECOSTRESS has a clearly defined set of data products and mature algorithms

e Opportunity for combined HysplRI-like datasets using the European EnMAP and ECOSTRESS
with GEDI for structure

ECOSTRESS will launch in 2018 and provide highest spatial resolution thermal

infrared data ever from the International Space Station. HysplIRI is planned for the
2023+ timeframe
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Q1. How is the terrestrial biosphere responding t& '
changes in water availability?
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Uncertainty in our knowledge of carbon
response is directly dependent on water
response uncertainty and how plants use
water under drying conditions.

Red areas (“hotspots”) are where global models
disagree on water use efficiency (WUE) based
biome changes with climate change.
ECOSTRESS will reduce this uncertainty with
measurements for WUE (GPP/ET).



Q2. How do changes in diurnal vegetation wate
stress impact the global carbon cycle?

' —@-ECOSTRESS| Santa Rita FLUXNET site
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ECOSTRESS acquires numerous ECOSTRESS’s diurnal sampling measures
samples throughout the day over the shape of the daily ET cycle. The

1 year (at 500 latitude afternoon decline in ET is related to water
shown, for example). stress (clear day).

I: Xylem refilling after initial water release.

[I: ET at maximum/potential rate in the morning.

[ll: Stomata shut down water flux in the afternoon.

IV: ET resumes at maximum/potential in early evening when
demand is reduced



Q3. Can agricultural vulnerability be reduced through
advanced monitoring of agricultural water consumptive
use and improved drought estimation?

ECOSTRESS’s spatial resolution will distinguish
fine-scale landscape heterogeneity such as
agricultural systems (top) and riparian
corridors (bottom) similar to Landsat (left),
whereas MODIS (right) does not.
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ECOSTRESS’s temporal resolution
provides a 9-fold decrease in ET
error relative to Landsat.




HyTES: Hyperspectral Thermal Emission Spectrom

JPL Airborne Capability
Image Acquisition: 9 JUL 2014
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HyTES Acquisition: July 9, 2014

Irrigated July 7-8:
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Irrigated July 2-3:
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